
ELECTRON-ELECTRON INTERACTIONS IN NEON

Angle-Resolved, Two-Dimensional Imaging Reveals Significant Effects

A lthough the details of the
fine structure of multi-

electron systems cannot be cal-
culated exactly (because of
perturbations caused by interac-
tions between the electrons),
the LS coupling approximation
is widely assumed to be valid, at
least for low-lying excitations in
light atoms. However, research-
ers at the Advanced Light
Source (ALS), using angle-re-
solved, two-dimensional photo-
electron spectroscopy, have
found that LS-coupling predic-
tions are not only violated, but
that the effects of electron-elec-
tron interactions are unexpect-
edly large and cannot be
ignored when studying detailed
spectra in atoms as light as
neon.

Doubly excited systems,
where one photon excites two
electrons, clearly demonstrate
electron-electron interactions,
since one photon can excite
only one electron directly.
Thus, studies of doubly excited
systems using high-precision
instrumentation and high-
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resolution photon sources can
reveal details about atomic
structure that result from elec-
tron-electron interactions.
Such studies have been con-
ducted successfully on simple
atoms such as helium and
lithium. Photoabsorption re-
sults from early experiments on
a more complex system, neon,
have demonstrated a departure
from the predictions of LS cou-
pling in the fine-structure
splittings of the photoioniza-
tion spectra. While these results
established the existence of cer-
tain electron-electron interac-
tion effects, they lacked
additional information that
would be provided by angle-
and energy-resolved measure-
ments. Furthermore, only small
electron-electron effects were
observed.

The ALS researchers per-
formed more complex, detailed
studies of the photoexcitation
and decay mechanisms of dou-
bly excited neon in order to
probe electron-electron interac-
tion effects in this relatively

light system. Neon is more
complicated than helium and
lithium because of its occupied
2p subshell. In doubly excited,
photoionized neon, one photo-
electron is emitted and one
electron is boosted to a higher
energy level, leaving the ion in
one of several available energy
states. The dense grouping of
these states results in photoion-
ization spectra with a complex
structure. These states reveal
higher-order electron-electron
interaction effects and provide a
stringent testing ground for the
accuracy of existing computa-
tional methods.

Two-dimensional photoelec-
tron spectra (electron yield as a
function of photon energy and
binding energy) were taken at
two angles (0° and 54.7°) si-
multaneously, in order to effi-
ciently observe any effects or
features. The apparatus con-
sisted of two highly efficient
time-of-flight electron-energy
analyzers. The measurements
were performed on Beamline
9.0.1, an undulator beamline

for high-resolution atomic and
molecular studies.

Several features of the result-
ing spectra indicate violations
of LS-coupling predictions. For
example, in this study, accord-
ing to LS coupling, signals
should vanish at 0°, so that the
observation of any signal at this
angle is an immediate indica-
tion of the breakdown of LS
coupling. The data, which
could only have been obtained
through the ALS’s capability to
provide high-resolution pho-
tons coupled with the capability
to view the data in two dimen-
sions, revealed unexpectedly
large effects due to electron-
electron interactions. These re-
sults have been corroborated by
state-of-the-art ab-initio calcu-
lations. The important implica-
tion of the detection of
prominent electron-electron in-
teraction effects is that it is not
safe to assume the validity of LS
coupling, even for low-lying ex-
citations in a system as light as
neon.
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Angle-Resolved, Two-Dimensional Imaging Reveals Significant Effects

• Calculation of atomic energy levels
– Exact solutions precluded by interactions between electrons

– LS-coupling approximation widely used

• Study of doubly-excited neon
– Probe higher-order electron-electron interaction effects

– Stringent test of theoretical models

• ALS facility and state-of-the-art instrumentation allow
– High-resolution data

– Angle-resolved data (obtained at 0 degrees and 54.7 degrees)

– Two-dimensional data (photon energy vs. binding energy)

• Results show
– Violations of LS-coupling predictions

– Larger-than-expected electron-electron interaction effects

– Importance of electron-electron interactions when studying detailed spectra
in atoms as light as neon
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Photoelectron yield as a function of
photon energy and binding energy at
0 degrees and 54.7 degrees.

The upper graphs show the spectrum
at a photon energy of 51.3 eV, and the
vertical lines a, b, and c indicate the
positions of various fine-structure
energy levels.

The signals along vertical lines c at
0 degrees indicate the breakdown of
LS coupling.
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